and GAFF methanol S4 are also shown (magenta squares). The static dielectric constant was obtained from the Neumann dipole fluctuation formula. S5 MD simulations of the binary mixtures were 100 ns in length.
Tab. S1 Overview of equilibrium MD simulations performed in this work. Independent simulations were initiated with different random seeds for generating the initial atomic velocities according to a Maxwell-Boltzmann distribution at 298 K.
system # independent duration (ns) # water # methanol # Na 
Free Energy of Binding
According to the thermodynamic cycle shown in Figure S5 , the absolute free energy of binding, ∆G bind , is given as 
where
• ∆G PL is the free energy of binding a restrained ligand.
• ∆G res PL is the free energy of restraining the ligand.
• ∆G solv is the free energy of solvation of the ligand.
• ∆G res is the free energy of releasing the ligand to the standard volume at 1 M concentration (V 0 = 1.66 nm 3 ).
• ∆G symm = −k B T ln 2 is the correction due to the two-fold rotational symmetry of the ligand. This is necessary, because rotations around this axis are not sampled in the complex (bound state), whereas they are sampled in the free (unbound) state.
• ∆G corr bind is the correction due to the net-charged periodic system (see below).
∆G res is calculated analytically following the approach of Boresch and co-workers S7 , 
where one distance (r A ), two angles (θ A and θ B ) and three torsions (φ A , φ B , φ C ) were used to restrain PAB relative to the protein. Three atoms of Asp189 (C γ , C β , C α ) and PAB (C, C 4 , C 6 ) are involved ( Figure S6 ). The equilibrium values of the above coordinates, as obtained from our simulations, are given in Table S2 . Tab. S2 Average values of bond, angle, and dihedral coordinates ( Figure S6 ) at various methanol concentrations. 
Here,
• L is the length of the box vector.
• ∆∆G NET (L) corrects for net charge interactions due to PBC,
where ξ LS = -2.837 is the cubic lattice-sum integration constant, and Q P and Q L are the net charges of the protein and ligand, respectively.
• ∆∆G USV (L) corrects the under solvation due to net charges,
where S is the static dielectric constant of the solvent. For the water/methanol mixtures, we used the S of the mixture ( Figure S4 ).
• ∆∆G RIP (L) accounts for the fact that protein and ligand are not point charges (obtained from a non-periodic Poisson-Boltzmann calculation),
where I P and I L are the residual integrated potential (RIP) of protein and ligand, respectively. Since counterions were used in the MD simulations, Q P = 0 was used for calculating ∆∆G RIP .
The RIPs for the protein (I P ) and the ligand (I L ) were calculated using the protocol and scripts provided by Rocklin and co-workers S9 using the Adaptive-Poisson-BoltzmannSoftware (APBS). S10 The solute dielectric constant was set to 1 and solvent dielectric constant varied from 97 (pure water) to 63 (30% methanol), see Fig. S4 . The grid spacing and length were 0.05 nm and 12.8 nm, respectively. The solvent probe radius was 0.14 nm. No ions were used in the PB calculations. Multiple Debye-Hückel boundary conditions were used. Other APBS options were set to the recommended values (quartic B-spline discretization (spl4), harmonic averaging (spl4), surface density 4000 points/nm 2 ). The calculations were carried out for 500 snapshots taken from the MD simulations for each solvent mixture.
• ∆∆G DSC corrects for the discrete nature of the solvent,
where ∆∆G DSI is an infinite-system discrete solvent correction term, γ S is the quadrupolemoment trace of the solvent model, V c the excluded volume of the solute, and M S and ρ S are the molecular mass and density of the solvent, respectively. For TIP3P water,
For the water/methanol mixtures, ∆∆G DSC can be estimated using the following relation,
where f W and f M are molar fractions of water and methanol respectively. For methanol, in the orientational disorder limit (ODL), γ S is approximately 0.0062 e nm 2 (with respect to the center of mass of methanol). Using this value and ρ S = 807.6 kg m • Adding ∆∆G EMP (L) to the analytical correction makes it exact for a special case of a single point charge in a spherical cavity,
where R L is the effective radius of the ligand within the protein-ligand complex, evaluated from the residual integrated potential of the ligand (I L ). ∆∆G EM P is ignored in the current context, as it depends on inverse sixth power of box-size and is thus smaller than 0.4 kJ/mol for the boxes used in (L ≥ 7 nm). Comparison of ∆G bind obtained from BAR, TI, and MBAR
The correction scheme described above corresponds to a process of binding a ligand from vacuum to the binding site. However, in the thermodynamic cycle ( Figure S5 ), the reaction proceeds in the opposite direction. Thus, the signs of the corrections described in Table S6 have to be reversed. The final correction, ∆G Alternative approach to calculate free energy of binding
To independently check and validate our above results, we carried out additional sets of free energy simulations that do not require net charge corrections to the free energy. Figure S8 shows is done as before with a single ligand in a box ( Figure S8 ). Two independent sets of free energy simulations were performed for every solvent. Each λ-point (29 for electrostatics, 40 for van der Waals) was sampled for either 10 ns (PAB in binding pocket) or 5 ns (PAB in bulk solvent). The cumulative sampling time of these free energy simulations is ≈ 6µs. The results are summarized in Table S14 .
Tab. S14 ∆G bind from the alternative approach ( Figure S8 ). ∆G res is −28.9 kJ mol −1 . ∆G res PL is ≈ 3 kJ mol −1 . Uncertainties are indicated in brackets. Units are kJ mol −1 . 
Sys. ∆G

V227 D189
Fig. S15 Spatial density map of water in the S1 pocket region of apo trypsin in (A) pure water, (B) 10% methanol, (C) 20% methanol, (D) and 30% water/methanol. Only those regions where the number density of water molecules is equal to or greater than the bulk density are shown.
Tab. S17 Interaction energies of PAB with binding site residues from 3 independent 500 ns simulations in pure water. SOL indicates all water molecules including the crystallographic water molecule WAT. Uncertainties are shown in brackets. Tab. S19 Protein-protein interaction energies from independent MD simulations. The interaction energies were calculated between all amino acids listed in Table S17 /S18, and between these residues and the rest of the protein. Fig. S17 Configurational entropy (S conf ) of complex calculated from three independent simulations using the quasi-harmonic approximation as formulated by Schlitter S11 . All Cα atoms used to construct the covariance matrix of particle fluctuations. In pure water, S conf converges to a value of 6843.3 (26.7
Residue
Tab. S21 Examples of tightly bound water molecules in x-ray crystal structures of trypsin-benzamidine complexes. Distances and angles between the ligand, WAT, and Val227 are listed. PDB entry of the structure used in this paper is shown in bold. Free energy of tying up a water molecule in the binding site Tab. S22 Average WAT-PAB and PAB-Val227 distances as well as PAB-WAT-Val227 angle. The crystal water molecule (WAT) that bridges between PAB and Val227 stays bound in the binding site over the entire simulation at all methanol concentrations (Table S22 ). To preserve this bound state during the free energy simulations, a harmonic restraint potential energy function was applied to the oxygen atom of WAT. The force constant of the restraint was obtained from the equilibrium simulations, following the approach suggested in the literature S12 .
PDB id Resid of WAT N1/N2
∆G res = k B T ln (V Lig /V 0 ) (S16)
(S17)
where ∆G res is the correction due to the restraint (Table S23 ), V 0 is the standard volume of water, V Lig is the volume available to the ligand, and k res is the force constant obtained from the atomic fluctuations δr of WAT in the bound state. Unlike for the ligand, no symmetry correction ∆G symm needs to be applied in this case, since the restraining potential on the water oxygen atom does not prevent rotations around its C 2 -axis, and these rotations indeed occur on the 5 ns time scale sampled at each λ-point.
Tab. S23 Free energy contributions due to restraints and standard volume. The standard volume is calculated from our simulation boxes. The corresponding standard concentration is ca. 55 M for pure water and accordingly lower for the water/methanol mixtures. 
